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(54) SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To obtain a favorable operation by forming 
an emitter region, a base region and a collector region 
with silicon carbide(SiC), which is made of hexagonal and 
cubic systems, as a main component. 
CONSTITUTION: A p+ SiC layer 160, a pSiC layer 150 
and an n+ 140, which are a hexagonal system, are 
consecutively formed on a non-doped cubic system SiC 
(3C-SiC or Q-SiC) substrate while a hexagonal system 
(6H-SiC or D-SiC) pSiC layer and p+ SiC layer 121 are 
formed in a similar manner on the substrate. A collector 
electrode 230 is formed on the p+ SiC layer and a base 
electrode 220 is formed on the n+ SiC layer 140 while an 
emitter electrode 210 is formed on the p+ 6HSiCxN1~x 
layer 121 respectively and electrically connected with 
each other. This construction provides a large current 
amplification factor and favorable performance even at a 
high temperature. Since the band gap of the collector is 
large, this construction makes it possible to increase the 
breakdown strength of the collector. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st semi-conductor layer which uses cubic silicon carbide as a principal 
component, and has a predetermined majority carrier, The 2nd semi-conductor layer which uses 
cubic silicon carbide as a principal component, and has the majority carrier of antipole nature 
with said 1st semi-conductor layer, Use hexagonal silicon carbide as a principal component, and 
it has said 1st semi-conductor layer and the 3rd semi-conductor layer which has the majority 
carrier of like-pole nature. The semiconductor device characterized by having said 2nd semi- 
conductor layer in a base region, and having said 3rd semi-conductor layer for said 1st semi- 
conductor layer in an emitter region to a collector field. 

[Claim 2] The said 1st, 2nd, and 3rd semi-conductor layer is a semiconductor device according 
to claim 1 characterized by carrying out sequential formation on the substrate which uses cubic 
silicon carbide as a principal component. 

[Claim 3] The said 3rd, 2nd, and 1st semi-conductor layer is a semiconductor device according 
to claim 1 characterized by carrying out sequential formation on the substrate which uses 
hexagonal silicon carbide as a principal component. 

[Claim 4] The 1st process which forms on a substrate the 1st semi-conductor layer which uses 
silicon carbide as a principal component and has a predetermined majority carrier, The 2nd 
process which uses silicon carbide as a principal component and forms said 1st semi-conductor 
layer and the 2nd semi-conductor layer which has the majority carrier of antipole nature on said 
1st semi-conductor layer, The 3rd process which uses silicon carbide as a principal component 
and forms said 1st semi-conductor layer and the 3rd semi-conductor layer which has the 
majority carrier of like-pole nature on said 2nd semi-conductor layer, The manufacture approach 
of the semiconductor device characterized by having the 4th process which forms the emitter 
electrode linked to the collector electrode linked to said 1st semi-conductor layer, the base 
electrode linked to said 2nd semi-conductor layer, and said 3rd semi-conductor layer. 
[Claim 5] At said 4th process, the said 1st, 2nd, and 3rd semi-conductor layer Said emitter 
electrode on these layers, Leave near the part which forms said base electrode and said 
collector electrode, and it is removed. The manufacture approach of the semiconductor device 
according to claim 4 characterized by forming an insulator layer in the side attachment wall of 
the layer left behind among the said 1st, 2nd, and 3rd semi-conductor layer, and forming said 
base electrode and said collector electrode in self align using said left-behind layer and said 
insulator layer. 
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* NOTICES * 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a semiconductor device with a good resistance 

to environment. 

[0002] 

[Description of the Prior Art] Since invention of the transistor in 1947, IC, LSI, etc. have been 
developed from the transistor and semiconductor technology has accomplished the big advance. 
Especially silicon semiconductor technology is what was established, and various circuits are 
integrated and it is used widely. However, there is a limitation on actuation of the component 
resulting from the physical properties of silicon, and the semi-conductor by ingredients other 
than silicon is used about some applications. 
[0003] 

[Problem(s) to be Solved by the Invention] When a bipolar transistor is constituted using silicon, 
a current amplification factor, i.e., gain, will not become not much big only by giving the layer 
structure of PNP. Moreover, collector pressure-proofing does not become large, either. 
[0004] For such an application, the big ingredient of a band gap is desirable. Although it changes 
to the conventional silicon bipolar semiconductor, the heterojunction transistor can be 
considered as one, for example, there are JP,62-21 6364 A JP,62-2657762,A, JP,62-160760,A, 
JP,62-159463,A, etc. These are the transistors using the heterojunction made between silicon, 
carbonization silicon, etc. However, since silicon is used as an ingredient, it does not become 
fundamental solution to the problem of front low pressure resistance and low proof-pressure 
environment nature. 

[0005] This invention proposes a semiconductor device with the engine performance exceeding 

the limitation of the existing semi-conductor in view of the above-mentioned trouble. 

[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
semiconductor device of this invention The 1st semi-conductor layer which uses cubic silicon 
carbide as a principal component, and has a predetermined majority carrier, The 2nd semi- 
conductor layer which uses cubic silicon carbide as a principal component, and has the majority 
carrier of antipole nature with the 1st semi-conductor layer, Hexagonal silicon carbide is used as 
a principal component, and it has the 1st semi-conductor layer and the 3rd semi-conductor layer 
which has the majority carrier of like-pole nature, and is characterized by having the 2nd semi- 
conductor layer in a base region, and having the 3rd semi-conductor layer for the 1st semi- 
conductor layer in an emitter region to a collector field. 

[0007] The 1st, 2nd, and 3rd semi-conductor layer is good also considering sequential formation 
being carried out as a description on the substrate which uses cubic silicon carbide as a 
principal component. 

[0008] The 3rd, 2nd, and 1st semi-conductor layer is good also considering sequential formation 
being carried out as a description on the substrate which uses hexagonal silicon carbide as a 
principal component. 

[0009] Moreover, the 1st process which forms the 1st semi-conductor layer which the 
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manufacture approach of the semiconductor device of this invention uses silicon carbide as a 
principal component on a substrate, and has a predetermined majority carrier, The 2nd process 
which uses silicon carbide as a principal component and forms the 1st semi-conductor layer and 
the 2nd semi-conductor layer which has the majority carrier of antipole nature on the 1st semi- 
conductor layer, The 3rd process which uses silicon carbide as a principal component and forms 
the 1st semi-conductor layer and the 3rd semi-conductor layer which has the majority carrier of 
like-pole nature on the 2nd semi-conductor layer, It is characterized by having the 4th process 
which forms the emitter electrode linked to the collector electrode linked to the 1st semi- 
conductor layer, the base electrode linked to the 2nd semi-conductor layer, and the 3rd semi- 
conductor layer. 

[0010] It is good also considering the 1st, 2nd, and 3rd semi-conductor layer leaving near the 
part which forms the emitter electrode, base electrode, and collector electrode on these layers, 
being removed, forming an insulator layer in the side attachment wall of the layer left behind 
among the 1st, 2nd, and 3rd semi-conductor layer, and forming a base electrode and a collector 
electrode in self align at the 4th process, using the layer and insulator layer which were left 
behind as a description. 
[0011] 

[Function] In the semiconductor device of this invention, the emitter region, the base region, and 
the collector field are formed by using hexagonal silicon carbide and cubic silicon carbide as a 
principal component. Silicon carbide especially hexagonal between the emitter-bases - The 
heterojunction of cubic silicon carbide is formed and big collector current can be acquired by 
little base current with the potential barrier by this heterojunction. That is, it has a big current 
amplification factor. Since this is hexagonal and a thing to depend on cubic silicon carbide, it 
operates good also in very high temperature. Moreover, since the band gap of a collector is large, 
collector pressure-proofing is high. 

[0012] Moreover, according to the manufacture approach of the semiconductor device of this 
invention, the 1st, 2nd, and 3rd semi-conductor layer is formed on a substrate one by one, and 
can manufacture the above-mentioned semiconductor device which carries out good actuation. 
[0013] When forming a base electrode and a collector electrode in self align, high performance- 
ization of a component can be attained by reduction of base resistance, **-SU, and collector 
capacitance reduction. 
[0014] 

[Example] The example of this invention is explained with reference to a drawing. The structure 
of the transistor which is one example at the time of forming on a cubic SiC (called 3 C-SiC or 
beta-SiC) substrate is shown in drawing 1 . The p+-SiC layer 160 to which this transistor has 
the cubic crystal structure on the SiC substrate 1 1 1 of the cubic of a non dope, the p-SiC layer 
150, and the n+-SiC layer 140, Sequential formation of the p-SiC layer 132 and the p+-SiC layer 
122 with the hexagonal (called 6 H-SiC or alpha-SiC) crystal structure is carried out. For a 
collector electrode 230, in the p+-SiC layer 160, a base electrode 220 is p+-6HSiCx N 1~x to 
the n+-SiC layer 140. It has the structure where the emitter electrode 210 was formed in the 
layer 122, respectively, and was electrically connected to it. Here, in order to distinguish a cubic 
and hereafter, cubic SiC is expressed as 3CSiC(s) and hexagonal SiC is expressed as 

6HSiC(s). 

[0015] This transistor is manufactured at the process shown below. 

[0016] First, the p+-3CSiC layer 160, the p-3CSiC layer 150, and the n+-3CSiC layer 140 are 
formed in order with a reduced pressure CVD method on the 3CSiC substrate 1 11. At this time, 
they are C3 H8 / SiHCI2 to material gas. The mixed gas of 1 :2 is used and it is H2. It considered 
as carrier gas and was made to grow up on the pressure of 200Pa, and the conditions of 900 - 
1200 centigrades. Here, in case the n+-3CSiC layer 140 is grown up, it is PH3 to material gas. It 
is made to mix and P dope of is done. Moreover, in case the p-3CSiC layer 150 and the p+- 
3CSiC layer 160 are grown up, it is B~2 H6 to material gas. It is made to mix, B dope of is done, 
and the p-3CSiC layer 150 and the p+-3CSiC layer 160 are grown up. Then, the p-6HSiC layer 
132 and the p+-6HSiC layer 122 are formed in order with a heat CVD method. It is made to grow 
up like the p+-3CSiC layer 160 and the p-3CSiC layer 150 at this time. 
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[0017] A mask is carried out so that it may next leave the part used as an emitter region and a 
base region, and 6HSiC layers 122,132 are etched in RIBE (reactant ion beam etching) of the 
mixed gas of "Ar+N2 O (20%)" ( drawing 2 (b)). Then, 6HSiCx N 1-x In RIE (reactive ion etching), 
the p-3CSiC layer 150 and the n+-3CSiC layer 140 are etched by using the resist on a layer 
122,132 etc. as a mask ( drawing 2 (c)). The mixed gas of CF4+02 (5%) is used for the reactant 
gas at this time. And the emitter electrode 210 of AISi, the base electrode 220 of TaSi, and the 
collector electrode 230 of Mo/Au are formed, and it wires ( dra wi ng 2 (d)). 
[0018] This transistor is a PNP transistor which has a heterojunction by p mold 6HSiC and n 
mold 3CSiC, and the p-3CSiC layer 150 with the low carrier concentration between the 
collector-bases is formed for the p-6HSiC layer 132 with low carrier concentration with the 
heterojunction between the emitter-bases again. Actuation is made by making a hole into a 
majority carrier, and this transistor is presumed to be what has a band diagram as shown in 
drawing 3 (a). The band gap of about 2.88eV, a base region, and a collector field of the band gap 
of an emitter region is about 2.2eV, and there is about 0.66eV band gap difference between the 
emitter-bases. 

[0019] Drawing 3 (b) is a band diagram in the condition of carrying out direct current 
amplification. In this drawing, in the part above the energy level of the lower limit of the 
conduction band of a base region (n+-3CSiC layer 140), an electron carries out Fermi-Dirac's 
distribution, a hole carries out Fermi-Dirac's distribution in the part above the energy level EV1 
and EV2 of the upper limit of a valence band, and the situation is shown. Here, it is energy with a 
downward direction high about a hole. It is as follows when direct-current-amplification actuation 
is explained using this drawing 3 (b). 

[0020] The forward bias which makes an emitter a forward electrical potential difference and 
makes the base a negative electrical potential difference is applied, and a base region is raised to 
an emitter region. Moreover, a collector field is raised by the bias which makes a collector a 
negative electrical potential difference. Although the electron which is a minority carrier is 
poured in from the base, only few electrons higher than this obstruction flow to an emitter region 
with the potential barrier of an emitter region. On the other hand, about a hole, the potential 
barrier of a valence band is small by the heterojunction, and a potential barrier becomes smaller 
by bias. Therefore, many of holes of an emitter region flow to a collector field across a base 
region. Big collector current will flow by little base current by this, and a big current amplification 
factor is obtained. 

[0021] Although a band gap becomes small a little also in high temperature since an emitter 
region, a base region, and a collector field have a big band gap, above-mentioned actuation is 
kept good. In addition, it operates also in a high collector voltage. The present silicon transistor 
is exceeded by keeping parameters, such as thickness, suitable etc. Moreover, thermal 
conductivity is high to a substrate, and since 3CSiC(s) with a comparatively low dielectric 
constant are used, heat dissipation becomes good. This serves as a big advantage using by large 
power and the RF. 

[0022] Especially this transistor is a transistor with the heterojunction using same matter called 
SiC. Therefore, an excessive raw material is not needed as compared with other heterojunction 
transistors, but it can manufacture at a simple process. Moreover, when not only an PNP mold 
but an NPN mold can be manufactured, since the presentation of a dopant is also controllable, it 
is possible to consider as a transistor with various impurity profiles, it seems that it varies with 
this — ** — the transistor which is alike and has the engine performance to which it responded 
can be offered. 

[0023] Drawing 4 shows the structure at the time of manufacturing the above-mentioned 
transistor in self align. 

[0024] This transistor is Si02 prepared in the side attachment wall of 6HSiC layers 132,122. 
While forming a base electrode 220 in self align by the protective coat 170, it is Si02 on this 
formed base electrode 220. Etching of a collector field and formation of a collector electrode 230 
are performed using a protective coat 180. The production process is shown in drawing 5 . 
[0025] Sequential formation of the p+-3CSiC layer 160, the p-3CSiC layer 150, and the n+- 
3CSiC layer 140 is carried out on the 3CSiC substrate 1 1 1 like above-mentioned drawing 2 
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( drawing 5 (a)). Then, a mask is carried out so that it may leave the part used as an emitter 
region, the p-6HSiC layer 132 and the p+-6HSiC layer 122 are formed with selective growth, and 
a protective coat 170 is formed ( drawing 5 (b)). Subsequently, a base electrode 220 and Si02 A 
protective coat 180 is formed and etching of the n+-3CSiC layer 140, the p~3CSiC layer 150, 
and p+-3CSiC layer 160, is performed by making this into a mask ( drawing 5 (c)). And the 
emitter electrode 210 and a collector electrode 230 are formed ( drawing 5 (d)). 
[0026] Since it etches by using a protective coat 170,180 etc. as a mask and the electrode is 
formed by this, there are few production process top photo masks, it ends upwards, and the 
process by the photolithography of applying a resist is simplified. Moreover, the error factor by 
the alignment of a mask etc. decreases and it can manufacture now more minutely. 
[0027] Not only the above-mentioned example but various deformation is possible for this 
invention. 

[0028] For example, although the case of the thing of the cubic crystal structure was explained 
about the SiC substrate, the thing of the hexagonal crystal structure may be used. In this case, 
it forms in order of an emitter region (6HSiC layers 122,122), a base region (3CSiC layers 140), 
and a collector field (3CSiC layers 150,160). It becomes easy to wire, when an emitter region 
becomes a lower layer and ECL (Emmiter Coupled Logic) is constructed. 
[0029] 

[Effect of the Invention] As above, according to the semiconductor device of this invention, 
since the band gap of a collector is large, it becomes possible to make it operate also on a high 
electrical potential difference. Moreover, these are maintained also in very high temperature and 
can obtain good actuation. 

[0030] Moreover, according to the manufacture approach of the semiconductor device of this 
invention, the above-mentioned semiconductor device which carries out good actuation can be 
manufactured. 

[0031] When forming a base electrode and a collector electrode in self align, the process for 
forming these wiring etc. can be simplified. 
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[Drawing 3] 
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WRITTEN AMENDMENT 



: [a procedure revision] 

[Filing Date] April 27, Heisei 5 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0017 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0017] A mask is carried out so that it may next leave by [ used as an emitter region and a base 

region ] the section, and 6HSiC layers 122,132 are etched in RIBE (reactant ion beam etching) of 

the mixed gas of "Ar+N2 O (20%)" ( drawing 2 (b)). Then, the p-3CSiC layer 1 50 and the n+- 

3CSiC layer 140 are etched in RIE (reactive ion etching) by using as a mask the register on the 

layer 122,132 which carries out 6HSiC omission etc. ( d raw i ng 2 (c)). The mixed gas of CF4+02 

(5%) is used for the reactant gas at this time. And the emitter electrode 210 of AISi, the base 

electrode 220 of TaSi, and the collector electrode 230 of Mo/Au are formed, and it wires 

( drawing 2 (d)). 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0028 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0028] For example, although the case of the thing of the cubic crystal structure was explained 
about the SiC substrate, the thing of the hexagonal crystal structure may be used. In this case, 
it forms in order of an emitter region (6HSiC layers 122,122), a base region (3CSiC layers 140), 
and a collector field (3CSiC layers 150,160). It becomes easy to wire, when an emitter region 
becomes a lower layer and ECL (Emmiter Coupled Logic) is constructed. Moreover, a cubic thing 
also contains the substrate of the structure, i.e., SiC/Si which carried out heteroepitaxial growth, 
of, of course having Si downward further. 

[a procedure revision] 

[Filing Date] May 21, Heisei 5 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0017 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0017] A mask is carried out so that it may next leave the part used as an emitter region and a 
base region, and 6HSiC layers 122,132 are etched in RIBE (reactant ion beam etching) of the 
mixed gas of "Ar+N2 O (20%)" ( drawing 2 (b)). Then, the p-3CSiC layer 150 and the n+-3CSiC 
layer 140 are etched in RIE (reactive ion etching) by using the resist on 6HSiC layers 122,132 
etc. as a mask ( drawing 2 (c)). The mixed gas of CF4+02 (5%) is used for the reactant gas at 
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this time. And the emitter electrode 210 of AISi, the base electrode 220 of TaSi, and the 

collector electrode 230 of Mo/Au are formed, and it wires ( drawing 2 (d)). 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0028 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0028] For example, although the case of the thing of the cubic crystal structure was explained 
about the SiC substrate, the thing of the hexagonal crystal structure may be used. In this case, 
it forms in order of an emitter region (6HSiC layers 122,122), a base region (3CSiC layers 140), 
and a collector field (3CSiC layers 150,160). It becomes easy to wire, when an emitter region 
becomes a lower layer and ECL (Emmiter Goupled Logic) is constructed. Moreover, a cubic thing 
also contains the substrate of the structure, i.e., SiC/Si which carried out heteroepitaxial growth, 
of, of course having Si downward further. 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/06/21 



(I9)B:*HHWW? (JP) 



02) & m & 3* ^ $g (A) 



#^5 -291277 

(43)4*BBB ¥^5^(1993)11^ 5 B 



(51)IntCl. 5 

H 0 1 L 21/331 
' 29/73 
21/205 
29/165 



F I 



7377-4M 



H01L 29/72 

sat* ^st* jmss^ksc^ 7 jo 



(21)&Jg#^ 



#^¥4-87260 

4^(1992)4^8 3 



(71)fcMIA 000002130 

^aEfl?*Em^*E4bsraTa 5*33^ 

(74)ftSA #Sdr fi^/ll 3?«t Of3« 



(54) c^^isa ^NUffsifKa^-t^sBS^fe 



(57) [RIM («IE» 

il(Dh7>^^ /VF-^S i eg 
*1 1 l±fo, p + -3CS1CI160, p — 3 C S 
i Cll 50, n + -3CS i Cll 40, p-6HS 
iCI131, p + -6HSiCil21 &m$8&l8.t£ 



. + 



1+ — 



3 C S i CM 1 6 (HC&nU^S®2 3 0 
3 C S i CS 14 0^^-Xll2 2 0 

■6HSicii2 z^it^^y znmz 1 0 



pi6HS i CtnS3CS i CKk^TV*^' 
T3PNP h^>i^X^7?fe^o 



230— k 



3—160 



II! 



-1- 



amm 1 ] :a;^©Kfc^**±ja#fc u 
sues i uzzmm^ miss? 2 <d^s 

«rK*3 4>¥»fl**x*y*ffi 
[»3jSH2] fulEfgi, *2. *3 0*SWt/i». £ 

1 ragt, 

u sufem 1 ©*awt»fcS3*s 

mitiT'fmtt&frt u mess 1 

mfoM±K.&&r % & 3 ©it i: . 

huih^ 1 (o^m^mncmmr^ uzznm, msm 2 

■i6fi*atti£*fts huIBSBi, Jg2, ^3W*ft 

[0 0 0 1] 
[0 0 0 2] 

[«e*<DS«] 1 9 4 7^oh7>^?c»i^ 

I C, LSI &ZiHM9ei£tis 

{bsn/£<fUJB£ftT^*o l^u s/y=i>(D«ii4tc 



(2) #SS¥ 5-2 9 1 2 7 7 

2 

[0 0 0 3] 

[0 0 0 4] COJ;5ftffl^tts ^VK*t7^ 
10 *4tf83iilSLi\ t£«03/y3>/W*-^»* 

^enr^D, m^£, ^mme 2-21636 4, w 

mm 62-2657762, WBSBB 6 2-1 60 7 6 
0, «FBPB6 2- 1 5 9 4 6 3ftif^fcS 0 Ctl5«. 

^fU^b/ch^y^X^Tfe^o b^U ->ynv* 
[0 0 0 5] #f6EJifcfc. ta5E4)BgS/&£«# % 
[0 0 0 6] 

. »fc b. m^o^a^-^ y Tttmr&m 1 o^ifti 
fctiK^sstto^a^^ y 7*st§i 2 

[0007]»1, »2. *3«*»ft«ttx 

1 [0008]$3, 

[0 0 0 9] STc. *^ra<D^»»^«^iS!iS75'ffitts 

b. ^ i kg$im&<D& 

a^-v y z^r^-r^s 2 (D^mwm^m 1 <o*sw*»± 

K:?gfiR-rs*2(0JjSi:. Kfb-5r-f***JS»fcU * 
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